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(54) Reinforced structural members 

(57) A channel-shaped section has a thin, local re- 
inforcement shell (40, 108) separated from the channel- 
shaped section (22.104) by a layer of structural foam 
(44). At the reinforced section an arch geometry is uti- 
lized which cxiends in a direction opposite that of the 
force to which the member is subjected. The arch may 



be present as the channel-shaped member (22,104), 
the reinforcement shell (40.108) or both the channel- 
shaped member and the shell. A ponlon of the shell 
(45,110) contacts the channel-shaped member and is 
attached thereto by welding or other means of attach- 
mem. The structural member may be a vehicle bumper 
(20) or a vehicle door side beam (102). for example. 
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The present invention relates generally to methods and apparatus for r^ininminn cfrn.*,..,! 
specificau, relates ,o local reinforcement o, channel^haped secS subje"^^^^^^ 

in a number of applications, particularly in the automotive industry there is a need for linht u.-.i«K, k 
structural members. Although structural members having these cIL be rS^^ 

use ot various metal alloys such as titanium alloys and L like. S«Tiq^tren^^^^^^^^^^^^ T 
prohibitive in automotiveappllcatione Where weight reductionsar;S^^ 

over, reinforcement techniques are required which can be readily Zx^e^^^lT'^.'J'T"] 
" thereby eliminating me need for fundamental design changes and Sng aTe^^s?^^^^^ 

perf om^ce can be remedied. That is. in many insSnces d'esign deScTc^^ i^diS^^^Ste JeS^"^^^^^^ 
reached the stage at which radical changes are no longer feasible. o'scovered after vehicle design has 

In addition, a significant amount of emphasis has been olacad on the n«rfnrr.,o„^. ^ . ■ ■ 

B undesirable in most applications. In addition, filling a section entirely with fo^ ^al LmlT!!^- ^ " * 
HnalV. a large foam core often creates an unwanted heat sink Z aSul i^^„!^H ^! signrficantly to cost, 
or adding localized metal reinforcements will increaseT^ess aJ'C^S SrT/. °' " 

difficult to fom, the part due to limitations of metaJ fomiing maSln" ' 

subie^crornSir^Li::^^^^^^ 

Side impact beam for a vehicle door has Ln P^oZ^^^^^JTa^^l^^, T^"^^' ' 
having a longitudinal cavity which is filled with a themioset or mer^S^c linill 1 '"'^ '"''""'^ 
the midspanof the beam. The core may include hollow gSmfcrc^ZJe^^e^^^^^ P"^ 7^ " 

A reinforcement insert comprising a precast reinforcemTm Sfbeen ^ 
^0 plurality of pellets containing a thermle'resin and a or^agenf Z^^^^^ 'T' ' °' ' 

place in a structural member. A composite tubular door beaJ. rStorced ^Ta lZT^JZ ^ T 

b^orr"''"^^""^""--^'^'"'^"'^-^----^^^^^^^^ 
z^;^s:.rw?re^rerr-^^^^^^^ 

Accordingly, it would be desirable to provide a low-cost technique for reinforcina a ehannoi «h»n».^ »- .• 
jectedtobending Without Significantly increasing the mass. Itwould Lobe SS^^^ 

=pSsror^rwrrinr^^^^^^ 

stiffness andstrength in channLhapS:! section's inahThVe^^^^^^^^^ '""^^^^ 

n one aspect the present invention provides a reinforced channel-shaped member havino a thin te<=ai r«in/«^- 
ment shell separated from the channel-shaped member by a layer of structural foTm At .s ^ J reinforce- 
extends h a direction oppcs«e .hat of th^force to ^.fmimbe ^s^S ^J" 
direction of the compression face of the channel-shaped member. The arch X be Trelln. a, h "''f J" 
member, the reinforcement shell or both the channel^aped n^err^^^lT^erA c^^^ 
« contacts the channel-shaped member and is attached thereto by a soot weld or o.h«; 1^ . ! "^'^^^'^ 
binatic«, Of the arch and the structural foam suppSs me C s^iSzel S vS^^isS c^an;!^ 
dist^utesforceoverageneralizedareaawayfromcc^cemratS^^^^^^^ 

Shell and the stnictural foam are preferably limited to no greater th^lut ^n^Siird o^thXLTlfT ?T 
Shaped member and are disposed substantially at the mi^pan of the O^lZ^L l^l^T 
^ Shell is disposed in the channel of the channel-Lped member and ^anS ttfZ ,o^^^^^ Tk 
ttie channel-sf^ped member. The shell is preferab J high-strength steel v^SvJ bwrenom ste^^^^ 
the structural member. Also, in applications in which the main stnictural member I^J ial^^sS^stle! 1 !h-? 
comprise a mild steel or aluminum nign-strength steel, me shell may 
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In still another aspect the present invention provides a method of reinforcing a structural part which includes the 
steps of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell is placed at the midspan of the channel-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
5 contacts and bonds to the channel-shaped member. 

These and other advantages and objects of the present invention will now be more fully described with reference 
to the drawings. 

FIGURE 1 is a perspective view'of a reinforced bumper illustrating the position of an arched mid-span reinforcement 
shell 

10 RGURE 2 is a cross section along lines 2-2 of RGURE 1 . 

RGURE 3 is a cross-section of another embodiment of the present invention illustrating a O-shaped reinforcement 
shell disposed in the cavity of a hollow bumper section and separated form the bumper section by a layer of stmctural 
foam. 

RGURE 4 is a cross*6ection of another embodiment of the present invention illustrating a reinforcement shell 
IS having a O-shaped configuration; the reinforcement shell is disposed in the cavity of a hollow bumper section having 
a double arch with an inten/ening layer of structural foam. 

RGURE 5 is a cross-section of another embodiment of the present invention illustrating a localized arch-shaped 
reinforcement disposed in the channel of a bumper section with an intervening layer of structural foam. 

RGURE 6 is a cross-sectlon of another embodiment of the present Invention illustrating a O-shaped reinforcement 
^0 shell disposed in a rectangular bumper section and separated by segmented regions of structural foam. 

FIGURE 7 is a crcK^s-section of another embodiment of the present invention illustrating a an arch-shaped bumper 
having a rectangular reinforcement shell disposed thereon as a cap with an inten/ening layer of structural foam. 
FIGURE B is a cross-sectbn of a double-arch bumper section with an arch-shaped reinforcement cap. 
FIGURE 9 is a perspective view of a reinforced door beam Illustrating the position of a rectangular midspan rein- 
^5 forcement shell. 

RGURE 10 is a cross-section along lines 10-10 of RGURE 9. 

FIGURE 11 is a cross-section of another embodiment of the present invention illustrating an arched door beam 
with an arched reinforcement* shell with an intervening layer of structural foam. 

Referring now to Rgure 1 of the drawings, reinforced automotive bumper 20 is shown having bumper section 22 
30 In the nature of longitudinal, channel-defining structure having a length substantially greater than its width. Each edge 
of vertical planar wall 24 is bounded by sides 26, Each side 26 has a flange 28 that extends over open channel 30. 
Wall 24 defines an exterior surface or compression face 32 and a channel-side face or interior surface 34. It will be 
appreciated by those skilled in the art that compression face 32 receives the impact In a collision and is thus the region 
at which bending is induced. 

35 Positioned at the mid-span of bumper section 22. that is. generally centrally located between ends 36 and 38. 

reinforcement shell assembly 40 is seen having arched reinforcement shell 42 and intervening foam layer 44. If the 
location of maximum deformation is not at the central location, the reinforcement shell assembly will be appropriately 
off-center at the location of maximum deformation. Arched shell 42 has a pair of flanges 45 which overly and contact 
flanges 28 of bumper section 22. Arched shell has arch portion 46 which extends in the direction of wall 38 of bumper 

^ section 22. For the purposes of this application the terms 'arched' and 'arch* shall include not only a traditional U arch 
shape but aiso a O-shape, an example of which will be more fully illustrated hereinafter. Arch is also intended to include 
M or V or W shapes. 

The structural member and the reinforcement shell may be metal stampings or may be roll formed metal. 
Rererring now to Figure 2 of the drawings, the relationship of arched shell subassembly 40 and bumper section 
^ 22 is more clearly shown. Arched shell has surface 48 which is in contact with and bonded to foam layer 44. Again, 
arch portion 46 of shell 42 extends in the direction of wall 38 and thus extends toward compression face 32 of bumper 
section 22. Foam layer 44 Is also in contact with and bonded to face 34 of wall 38 as well as to side wall inner surfaces 
50. thereby attaching shell 42 rigidly to bumper section 22. forming a trilaminate construction. In addition, flanges 45 
are attached to flanges 28 by mig welds, although or means of attachment such as mechanical fasteners or high- 
so strength adhesive may be suitable in a particular application. 

The length V of arched shell subassembly 40 Is preferably equal to or less than one third of the length T" of 
bumper section 22. The width 'W of channel 52 defined by arch portion 46 of shell 42 is preferably at least 75% of 
width 'W" of channel 30 of bumper section 22. The depth "0" of shell 42 which extends into channel 30 is preferably 
at least 75% of the depth *0' of channel 30. Bell-shaped, stilted arches or 0-shapes having a rise (D) to span (W) ratio 
ss of from about .5:1 .0 to about 1 .0:1 .0 are most preferred. 

As best Illustrated in Rgure 2 of the drawings, shell 42 is a relatively thin tauge metal compared to that of bumper 
section 22. The metal used to form shell 42 and section 22 will typically be sieel or aluminum. For example Dl-form 
140 steel between 0.8 and 1 .4 mm is particularly preferred for shell 42. (And note that while metal is preferred, other 
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materials such as plastic may be appropriate in a given aoolicatioin nno «k ^ 

is the ability to use are relatively low^trength sieeUo"bX«l^i2l f?"^9^°' '"^«""«n 
weight, thin, high^trerigth steelshell 42. By providingar,aSrS?^^^^^ 

layer of adhesive foam 44 which is bonded to shelUa and Xose^^TZ l^r^T'°^ ^ '"'^"""'"9 

■ Shalt 42 to section 22. reinforced bumper 20 provides nS^!num r?«Tl?' T . J- ^^'^'^ *^^'"9J 
The combination of arch 46 and foam i fn^^eZ^Ztor^lT "'"""^ "^"^ 
buc^^ltis^beunde^toodthatfo^.;:^^^^^^^^ 

W^h'l^.rferrol t^^^^^^^ --sphtf to reduce dens^. 

about 20 pounds per cubic/eetto about SpoCndsr^^^ 

temperature and the temperature at which cSeJ^ b«aS«^^^^ l^e melting point, heat distortion 

layer 44 maintains It s stmcture at high tempViZ^n,7^^^l'^^^^ '''^"^""y >hat foam 

44 sh..W be able to v^stand temUuJeS^^^^ 

t»nes. Foam layer 4 has a thickness of preferably about 2 to 8 mm arotid ftT^^^ °- 

In one partlculariy preferred embodiment foam layer 44 includes a svnthatic ro,i„ 
agentandafilter. f^44l» preferably expandedinpteLbeSSr^flli^^^^^^^ !f. ' ""'^'°spheres. a blowing 
togetherthe following materiate.AsynthetLes^!^X^ 
more preferabV from about 60 percent to about 75 percent t^^ht n^ Z^l 

microspheres comprises from atxjut 10 to abor40 nemSl^riSn? "'^ *° ^l^" 

percent by weight of the mixture. A btol^gem c'oSfZ'SSS iTST'' ^^"^ 
preferably from about 2 to about 6 percent ty weighroTthe mWu™ 1° by weight and more 

Layer 44 could be initially applied in unexpanded form to either.shell 42 or section 29 ann .h-« 
intimate contact with the other member and thereby bonded to both mlmh!,! T ^xpa^ded into 

expandable and the structural member is a veS irt^s^ ciulS^ « h '^^^^ 
the foam, without requiring a separate heaUng sTep " "'^ P^"' '° «P«"«'°" 

^""s ™e« (such as fumed silica, calcium cariranate. milled olass fibar anH ,.h«» w . 
included. A filler comprises from about 1 percent to aboH p7«:ent wS f " '''""'^ 

to about 8 percent by weight of the mature used to fomi foam i ^ Preferably from about 3 percent 

Preferred synthetic resins for use in the present Invention include fhorm«.-#. , u 
resins, themioset polyester resins, and urethL resins ut^oSendld^^^^^^^ f^"^ ''"'^ ''''' 

limited by molecular weight of the resin and suitable weigh^vS I be uS^arS^ Jv^i^^^^^ 
the present disclosure. Where the resin is a themioset resin vartou! ^T^^ T """^ ^'^ "^"'^ °" 
and curing agents, preferably dinryanamide. maTSo be to^nt,?!^,!:'" ^ "^^^ ^O'. 

accelerator is typically from about 1 percent to abou 3 pero nt <J tl^^ r^s^Z^ "^^^ '"'^'^ ^""^ 
resin. microspheres or filler. Similarly, the amount of curing agent usedTtSL^^Z^^^^^^^^ 
percent of the resin weight with a corresponding reduction \nrJmm^.llj^ W. ^ '° 2''°'" 8 

ingaids. stabili2ers. coLants. UVabsore^Jhe EZ LrS^^^^^^^ Effective amounts of process- 

suitable in some applications. ^ ^^^^^ Thermoplastics may also be 

In the fonowmg tables, preferred fomiulations for use in fomiing foam 44 are descrihPri AM . • u 
present disclosure are percent by weight unless othenvise specfflcalV SgnatS percentages in the 
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In addition to the structure illustrated in Rgures 1 and 2 of the drawings, the present invention provides a number 
of other configurations which embody the inventive concepts of the present invention as a motor vehicle bumper. More 
specifically, and referring now to Figure 3 of the drawings, structural member or main bumper section 54 is shown 
having flanges 56 that are welded to local reinforcement shell 58. Stmctural foam 60 is shown bonding shell 58 in place 
in the channel defined by bumper section 54. In Rgure 4, bumper ^ctiorv62 has a double arch portion 64 having twin 
arches 66 and 68. Structural foam layer 70 is disposed in the channel defined by section 62 As with the structure 
described in Rgure 4, shell 72 is O^haped and is attached to flanges 74. In Rgure 5, shell 76 having a stilted arch 
configuration is utilized in combination with a double arch main bumper section 78. Shell 76 has a pair of flanges 80 
that are attached to corresponding flanges 82 of bumper section 78. Figure 6 is a modification of the structure depicted 
In Rgure 3. with the foam layer being segmented, i.e. provided as separate spaced linear rows or ribbon 84. 

Referring now to Figure 7 of the drawings, reinforcement shell 86 forms an extemal cap on bumper section 86. 
Bumper section 88 has the stilted arch configuration and is provided with, flanges 90 that are attached to ends 92 of 
shell 66. Foam layer 94 Is seen in the channel defined by shell 86. In Rgure 6, bumper section 94 has double arch 
structure 96 and is separated from arched reinforcement shell or cap 98 by foam layer 100. 

In addition to reinforced bumpers, the present invention is useful in reinforcing door side beams. Referring now to 
Figure 9 of the drawings, door side impact beam 102 is shown generally having beam section 104 defining arch 106. 
As seen in Rgures 9 and 10, reinforcement cap or shell 108 is provided and is attached (preferably by spot welding) 
to beam section 104 at flanges 110 and 112. An intervening layer of foam is disposed between inner surface 114 of 
cap 108 and outer surface 116 of beam 104. Alternatively, the cap and beam section could be reversed; that is, part 
108 could be the beam and part 104 an internal cap. It is to be understood that this reversal could be achieved in all 
of the preferred designs, including those described in connection with the bumper. In Figure 11 of the drawings still 
another configuration is shown In which two complementary arches are nested one within the other. Part 118 can form 
either the cap or the main beam body with part 120 forming the corresponding shell or beam. Foam 122 is shown 
disposed between parts 118 and 120 in the manner previously described. 

in still another aspect the present invention provides a method of reinforcing a structural part which includes the 
steps of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell is placed at the midspan of the channel-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
contacts and bonds to the channel-shaped member. 

While the invention has been described primarily in connection with vehicle parts, It is to be understood that the 
Invention may be practiced as part of other products, such as aircrafts. ships, bicycles or virtually anything that requires 
energy for movement. Similarly, the invention may be used with stationary or static structures, such as buildings, to 
provide a rigid support when subjected to vibration such as from an earthquake or simply to provide a lightweight 
support for structures subjected to loads. Additionally, while the Invention has been described primarily with respect 
to heat expandable foams and with respect to metal parts such as the structural member and shell, other materials 
can be used. For example, the foam could be any suitable known expandable foam which is chemically activated into 
expansion and forms a rigid stmctural foam The shell couU be made of materials other than metal such as various 
plastics or polymeric materials or various wood type fibrous materials having sufficient rigidity to function as a back 
drqs or support for the foam. Where a heat expandable foam is used the support or backdrop should be able to withstand 
the heat encountered during the heat curing. Where other types of foam materials are used, however, it is not necessary 
that the support member be able to withstand high temperatures. Instead, the basic requirement for the support member 
is that it have sufficient rigidity to function in its intended manner. It is also possible, for example, to use as the shell 
materials which in themselves become rigid upon curing or further treatment. The invention may also be practiced 
where the stmctural member is made of materials other than metal. It Is preferred, however, that materials be selected 
for the stmctural member and shell as well as the foam so that the thin unexpanded foam upon expansion forms a 
strong bond with these members so that a structural composition will result. 
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Ciaiina 

1. A reinforced structural member (20;1 02). comprising, 
a structural member (22;104) defining a channel- 

a reintorcement shell (40:108) having a length (L) tess than the length (U) of said channel; 

•aid reintoreament shall and said structural member beinq intefr:nnn«««H. 
a layer of structural foam (44) disposed between a S^^^^Z^, . 
reinforcement shell to define a trilaminate region. sS ofSSiS^ '"^.''^1^'^ « said 
tural member and to said reinforcement sheU- aiid ^^""^ ^^'^ '° s^f"*:- 

said trilaminate region having an arch-shaped surface. 

2. A reinforced stnjctural member (20;102). comprising; 

a structural member (22;104) defining an open channel (30)- 

is positioned at a midspan of said sXmtZZ^rt^ C^^^T '""^ reinforcement shell 

a layer of stn;ctural foam disposed bJ^,^^i^lZwe2'^ T""^' 
and said reinforcement shell .which defines a Uil^!^TaZ 2^T^ *^ '^'^ """^^^ 

said structural member and to said reinforcein.rtS?Z ^ '^'^"'^ "•"A »«"''«^ »" 

said trilaminate region having an arch-shaped surtece:' 

7. "The reinforced structural member recited in any of claims 1 to s 
™™sr. " "° SUM OfiMtUB in. i,„3m said MruclL 
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^ 15. The reinforced staictural member recited in any of the preceding claims, wherein said reinforcement shell is formed 

ot high-strength steel or aluminum. 

16. The reinforced structural member recited in any of the preceding claims, wherein said foam layer is at least two 
s separate segments. 

17. The reinforced stmctural member recited in any of the preceding claims, wherein said structural fcam" contains 
from 60 to 78 percent by weight polymer, from 10 to 30 percent by weight glass microspheres, from 3 lo 10 percent 
by weight filler and from 2 to 8 percent by weight blowing agent. 

10 

18. The reinforced structural member recited in any of the preceding claims, wherein said foam is expandable. 

19. The reinforced structural member recited in claim 18, wherein said foam is heat expandable. 

'5 20. The reinforced structural member recited in any of the preceding claims, wherein said structural member is a 
vehicle bumper. 

21. The reinforced stmctural member recited in any of the preceding claims, wherein said structural member is a 
vehicle door side beam. 

20 

22. A method of reinforcing a structural member comprising: 

placing a reinforcement shell at generally the midspan of a channel-shaped member to be reinforced; causing 
an expandable structural foam disposed between the reinforcement shell and the channel-shaped member 
2S to be expanded thereby bonding the reinforcement shell to the channel-shaped member to create a trilaminate 

region having an arch shaped surface. 

23. A method as claimed in claim 22 wherein the expandable structural foam is provided on one or both of respective 
surfaces of the channel shaped member and the reinforcement shell to be bonded together 

30 

24. The method of claim 22 or 23 funher comprising nesting the reinforcement shell in the channel-shaped member. 

25. The method of claim 22 or 23 further comprising mounting the reinforcement shell outside of and around the 
channel-shaped member. 

26. The method of any of claims 22 to 23 wherein the structural member is a vehicle bumper 

27. The method of any of claims 24 to 25 wherein the structural member Is a vehicle door side beam. 

^0 28. A method of reinforcing a structural member comprising: 

placing a reinforcement shell at generally the midspan of a channel shaped member and bonding it thereto 
with a structural foam to create a trilaminate region having an arch shaped surface. 

^ 29. The method of claim 28 wherein the staictural foam is an expandable foam, and the foam bonds the channel- 
shaped member and the reinforcement shell upon expansion of the foam. 

30. The method of claim 29 wherein the structural member is a vehicle part, and the foam is expanded by heat acti- 
vation. 

so 

31, The method of claim 30 wherein the heat activation occurs in a paint oven. 
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